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AN EXPERIMENT TO STUDY THE ~-I)ECAY OF FREE

ATOMICAND MOLECULAR TRITIU14

R. G. H. Robertson, T. J. Bowles, K. Haley, J. C. Brcwne, TO Burritt) J. Toevs,

H. Stelts, J. Helfrick,a D. Knapp,b A. C. Ledebuhrc

kc Almoe National Laboratory, Los Alsmo$, NH 87545, U. S. A.

An apparatus is described which will ●now the measurement of the

~-decay of free tritium ● toms ●nd molecules. It consists of an RF

diasociator, ● long cylindrical decay region open ● t both ●nolo, ●

guide field, and ● magnetic spectrometer.

Thera ia some interect in determining whether the electron neutrino has

mass. Recently, Lyubimov et ●l.~ reported ● ❑ easurement of the B-spectrum

of 3tl which shows conclusive ●violence for ●n ●ntineutrino mass between 14

●nd 46 eV ●t the 992 confidence level. Despite careful study, no substantial

flaw has been detected in their procedure. Nevertheless, many scientists

would like to see ● confirming ●xperiment. Much of th~ concern revolves

●round the use of ● solid source (tritiated valine, ●n ●mino ●cid) for which
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3
one may not know the atomic and molecular final states of the He dsughter

atom, the scattering ●nd ●nergy 10SS of ~r~ in the ao~rce, ●nti the shape of

the background near the end-point so wall ●s one would like.

The ideal oource would be free tritium nuclei, but this turns out tO be

impractical owing to space charge limitations. The next best thing, free

tritium stoma, may foxm the ba~im of ● practical ●ourca for which detailed ●nd

●ccurate calculations of the ●tomic final states ●nd ●lectron mnargy looses can

be performed. Recent advances in the production of denee gaoes of opin-

polarized hydrogen ●ncourage us to believe that ● frae-atom tritium cource of

●dequate strength can be constructed. A functional plan of the experiment is

shown in Fig. 1.

Molecular tritium at 300 MT pre~sure ●nters ● pyrex discharge tube cocled

to 77° K (J,N2). The ❑olacules ●re dissociated in ●n W discharga and

●merge through ● small orifice into ● transitiol~ region [also of Pyrex) in

which the ●toms are cooled (accomodacad) to ● temperature trslow lCO K.

Becauae the ●dsorption ●nargy for ●tomic H io lower than for H2, the mulec-

ular component is “frozen out”. In the pioneering work of Silvara ●nd
16

Walravan2 ● flux of 2.4 x 10 ● toms of H at 8.5° K wae obtained, ●nd

simple modifications ●re ●xpected to inccoase tho output considerably. It in

not yet known, however, to what extant tritium will bnhave differently from

hydrogen. A t@cl apparatus is now in opcrktion ● t LOO Alamo@ to explore this

quastiono

Atom ●merging from the accommodator ●nter ● cylindrical decay region

(“Klappner bottle ‘“) w!lose walla ●re coated with ● thin layur of Pyrex HICSS,

which inhibits recombination. The maximum langth of thio decay region i~ net

by the recombination rate, which is not known at prascnt, and by the molecular

fraction which can be toleratad, ●bout 52. An equilibrium deneity of a:omic T

ia built up as ●stablished by the influx ●nd the conductance @f cha tub~. The

aqu:valanr. source thickneso integrated ●long tha ●xio is conocrvatively ●s-
13 -2

timated to be 5 x 10 cm , @till ● weak ~ourcc by normal atnndarda, but

●dequr,te fur ●n ●xperiment.

Tha Kleppner bottla is placed in ● aolanoidal magnetic field of ●bmt 1 W

with a mall axial gradient. B@Ea@(BD < 4t13 Qausrn-cm) spirsl ●bout the

fiald lines. At ona ●nd of th~ solenoid m pinch COil with ● peak fiald of

●bout 4 kC reflacts wot of the @’a that Start with a v~locity tiomponant
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dimctc towarda that ●nd; as ● ratult about 90X of the 0’s reach the weak-

field ●nd ~f the ●olenoid. There they ●re ●xtracted ●nd ●ccelerated through ●

potential OF 20 kV.

An important feature of our experiment ie that thie ●nergy Rain is never

compensated by deceleration later in the ●pparatu-: the ●ntire decay region

float. ●t -20 kV. There are two advantages in this; first, le keV ●lectrons

fr= the decmy region ●re raieed to 38 kaV ●nd @r@ well above the energy of

●ny ~’o from tritium that my find ite way into the beam transport or

●lectrometer; ●nd, ●econd, the spatial component of phaee ●pace ia raduced.

Thus, not only is the background in the re8ion of the shifted end point far

lowr than it would be ●t 18 kev, but the ●mittance of the beam i- improved.

We might ●leo remark that this idea ie ●qually ●pplicable to solid sources.

The price paid is, of couree, thtt hi8her reeolving power is required in the

●pactrometer.

On@ of the most interesting ●spects of the problem is extraction of the

~’s from the solenoidal field into ● field-free region ●t the object of the

spectrometer. Given that in order to enter the ●poctromater, all B’s muet

pass through ● collimator of radius rc at ●n angle lees then $,, we find

two general theoreme: 1. There is ● maximum radius in the solenoid, R4,

beyond which no 8 can originate tnd ctill enter the spectrometer and 2. The

maximum fr~ction of rays originating within R4 transmitted to the

~~pectromater is
.

‘c P’
where x = ‘— sin ~s ●nd p ic the (maximum) rmdiue of orbits in the field.

P

The ●lectron momanta bafore ●nd ●fter ●cceleration ●re p and p’, reapactively.

The firct raoult follows from conservation of the canonical sngular ❑omentum

●nd the second from ●pplication of the Poincar< invariant.

The significance of the firot theorem ia, of course, that ●ny electrone

originating from tritiua ●dmorbod on tha walla of tha Kleppner bottle can be

rejected ●bsolutely, independent of aberration or imperfections in the optical

oyotem. This is most important, becauoe ● monoAayer u!’ ●d-orbed tritium

reprcsenta 6 ordars of ●a8nitude more ●ctivity than thm qasoous mourca. A

ochematic diagram of the ●ntire source ia ohown in Fig. 2.
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?ig. 2 Source ●nd extr~ction syatm showing location of coils.
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Accolaration ●nd ●xtraction is ●ccomplished by grids ●nd coils. Electrons

●ro first ●ccoleratod through ●pproximetaly 40 kV and then decelerated through

20 kV. This scheme has beret ●do}tad for a number of reason~. Spec-

tnm distortion can rasult from tritium decaying in tha ●ccoloration region,

●nd the volume ia minimized by dafini~ it with gridm. In the presant design,

th”c fraction of dmtectad decays occurring in the ●cctlaration gap is of order

10-4. Plan., parallal ~rids fom ● lens with infinita focal l~ngth which

doos not introduca the rolmtivistic aberr~cion. Tha deceleration region

coi!stitutas ● short-focus Einxal ions (which does in principle possess relativ~.

ictic ●berration but operatm,] with particles of fixad energy). Scsnning the

spectrum can bo mrformed in several ways, but the preferred method ic to vary

tha potantiai of the Kleppner bottlo #nd uintsin ●ll other potential and

fields fixed. While thio cmmeo ● (calculable) variation in extraction effi-

ciency, the ●dvantage of pr~ser,ting tha ●xtraction lens, ●pectrcmeter and

focal plane detector with iixed energy particles is considerable.

The spectrometer is modeled on the toroidal deoiSn of Tretyakov. 4
Not

only does this design poscass the highest luminosity of ●ny B-spectrometer,

Table I

Spectrometer Design ?arnmaters

Sourca - Image

Orbit apogee

Innar cylinder

Entranca angla

Exit 8n81a

Distance 6186 m

0.90 m

radiu~ 0.40 m

24 ~ 1.5°

jo : 50

Resolving pow-r (base) 5 x 10-4

Luminosity 0.023 cm2

Gbjact radiua 0.83 cm

ImagQ langth (baea) 0L4 cm
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but it may be constructed entirely of straitht

●nca is thus relatively simple to ●chieve. U.

conductors. The high perfom

have modifitd the design in two

respects: Tho rnizo of the @spectrometer ie ●pproxi~tely twice thst of

Trctyakov’s, ●nd particles ●nter tho Eield ●t ●ngles b~twean 22.5° d

25.5° rather than batween 85° and 9!? ta tho ax~.s. Ue find that tlm

input profile of the coils can be straisht

(Fig. 3). Some price is paid in luminosity

●berrations but wtching the ●tomic courcc

simplified. With the ●xception of fringing

‘inaa ●t 12# to the axie

mnd in cancellation of high-order

to tha cpactrometer ie greatly

field ●ffects, detailed

calculations on the spectrometer havn been carried out ●nd Table I surmaaricea

the important parameters.

The ion-optical characteristics of the syatam can be studied in several

Waym. A 40-kV electron gun ie mounted ●t the opposite end of the source from

the ●pectrometar ●nd can be used to measure resolution, tranemioeion ●nd

nberretione. A very convenient check on the general behavior of the Kleppner

bottle, extraction cystem ●nd electrometer it to use 1.8-hr
83mKr

,8

daughter of 83-day 83Rb
. This isotope is gaceous, short-lived ●nd ●mits ●

17.8-keV conversion

Kleppner brittle the

distribution of the

electrons originating ●t the wall can be investigated.

Construction ●nd teeting of che spectrometer ie ●xpected to be ● lengthy

project, ●nd in the intarim we e})all make use of ● Si(Li) detector ●t the

line. Hy ●xpropriate variation of the tamperatu~e of the
83m

Kr ●ource cen be mede to x-slghly mimic the

tritium. At very low temperature, the rejection of

Y-..._-/- COI1S

/-”Source DelectoJi
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Fig. J Crooe eectinn of apectrnmrter showing coil pzofilo ●nd trajectory
0[ B antorin~ ●t aawimum ●llowed ●ngle.
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focus of the ●xtraction system. Its main function will be testing the

sysfnm,but depending on how WCII its response can be understood, some

consideration will be given to using it for a 13-spectrum measurement.

In sstiuting the overall performance of the system we ●re hempered by

lack of direct information ●bout diamociation efficiencies ●nd recombination

rates for tritium. We have therefore taken data on H Irom the work of

Ualraven ●nd Silvera5 and arrive ●t focal plane count rates of ●pproximately

1.3 x 10-3/sec in the last 100 ●V. Pleasured background ratea in a prototype

focal plane detector ●re of the same order, ●nd Fig. 4 shows the limito thmt

can be placed on IP- in ●bout 2 weeks xunning. The counter-intuitive behavior
Ve

of these curves (namely the increase in sensitivity with decrease in resolu-

tion) reflects the improved statistical accuracy obtainable at poor resolution.

However, in practice, count rate will be sacrificed for the sake of reduced

likelihood of eyoteraatic error, and data will probably be taken at 30 to 40 eV

resolution. Should higher source intensities be available, che spectrometer

is capable of substantially better resolution.

1 I 1 1

b

1 B 1 a
I I r I

02!i140a3a21
RmlMon, ov P’WHM

Fig. 4 Limits (2u) on mesa obtainable in 106 ●econds running for a

~a~k~~~~nd ‘jte ‘f 2 x 10-3~’Qcs m. •our~~ ●trfngth
cm- . b. source ●trength 5 x 10 cm- .
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COSMIC RAY INDUCED ERRORS

SOFT ERRORS

HARD ERRORS

A SINGLE COSMIC RAY MAY
DEPOSIT ENOUGH ENi3RGY TO
CAUSE TOTAL DOW?FAILURE
IN A SMALL DEVICE
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